Experimental tests of steel unstiffened double side bolted end-plate joints have been presented. The main aim of the conducted tests was to check the behavior of joints in an accidental situation and possibility of creating secondary mechanism, i.e. catenary action in the scenario of column loss. Two types of end plate joints were tested: flush end-plate (FP) and extended end-plate (EP) with different thickness and different number of bolt rows in each. The tests were carried out on an isolated cross beam-column-beam type system until joint failure. During tests the available moment resistance and rotation capacity of bending joints and also values of tension forces in the beam were determined. The joints with extended end-plate have demonstrated higher bending and rotational capacity than flush end-plate. Significant deformation of column flanges, web and end plate were observed. The fracture of bolts was the failure mode of joints. Obtained results of axial force values in beam exceeded standard requirement what confirmed that the joints with unstiffened web column, flush or extended end-plate possess the ability of development the catenary action.
INTRODUCTION
Two basic design situations: persistent and accidental should be considered during designing of frame structure. In a persistent situation (Fig. 1a ) the frame loading is transferred through the entire system of appropriately connected columns and beam. In accidental situations (Fig. 1b) , the column removal scenario may take place as a result of an explosion in the building, fire or impact of the vehicle. During a sudden change in the design situation from persistent to accidental, there is a significant change in the internal forces distribution in the system. This transformation is particularly noticeable in the area of direct column removal. Distribution of forces in the internal connection (Fig. 2 ) is as follows: in persistent situation ( Fig.  2a ), the column is mainly subjected to the axial compression force, beams and joints are subjected to bending moment and shear forces. In accidental situation (Fig. 2b) , the distribution of these forces changed significantly. The column in an accidental situation ceases to be support for the beam. In this case, the beams are forced to take over these additional vertical forces. The values, the sign of the bending moment and the shear force in the joint changed. Additional horizontal force in the beam axis also appeared. In accidental situation, the load value may significantly exceed the design elastic bearing capacity of the joint. This can lead to major deformations of connections or/and even to joint damage. The aim of the paper is to test the behavior of connections in an accidental situation. The obtained test results should give the answer to the possibility of creating secondary mechanism, i.e. catenary action by developing the axial forces in the beams and joints. The developed catenary action can protect the steel structure against progressive collapse. The performed tests allow checking whether such type of joints can be used as bracing elements allowing for the appropriate structural connection of elements. The comparison between the behavior of joints tested in the framework systems [24] and tested on isolated systems was presented. In both tests the same cross-sections of beams and column along with the geometry of the connections were used. The comparative analysis will provide information on the impact of connections size on the behavior of joints. In accordance with the standard [11] building structure should be designed and performed in order not to be damaged in a way that is disproportionate to the initial cause during events such as explosion, impact and consequences of human errors. Possibility of damage should be avoided or limited by proper selection of one or several ways. As the structure is a set of interconnected parts designed to transfer loads and ensure adequate stiffness, the structural resistance should be provided to all structural elements as well as their connections according to [13] . The standard [12] considers two design strategies in accidental design situations presented in Fig. 3 . [12] Building should be classified to the appropriate consequence class. The standard distinguishes three classes: CC1 -low consequence of failure, CC2a and CC2b -medium consequence of failure and CC3 -high consequence of failure. Choosing a given class determines the further course of action. For the consequence class CC2a and CC2b it is ensured to use effective horizontal ties for frame and structural load-bearing walls, however for CC2b, it is recommended to use vertical ties in all supporting columns and walls.
Horizontal ties in framed structure should be provided around the perimeter of each storey floor and roof level and internally in two right angle directions in order to tie the column as well as wall elements to the structure of the building [12] . Each continuous tie and its connection must be capable of transferring the design tensile load in the event of an extreme limit state:
For internal ties (1) for perimeter ties (2) where: g k -dead load, qk -live load, ψ -coefficient of combination, s -spacing of the ties, L-span of the ties.
The use of steel with appropriate ductility results in significant plastic deformation in the structure. This enables the redistribution of forces, i.e. the transfer of excessive load to less-loaded parts what prevents the sudden destruction of members and/or connections. The progressive collapse phenomenon is also defined in British [2] and American [6, 18] standards. To mitigate the progressive collapse, standards DoD [6] and GSA [18] recommend using the alternative load path method. Due to the creation of an alternative load path, a redistribution of the applied loading from the damaged part to the remaining undamaged elements takes place. Local damage does not lead to the development of a ,,domino" effect and further collapse is stopped. In recent years, there has been a significant increase in interest in the robustness of steel frame systems. Previous experimental and computer analysis of steel joints, two-and three-dimensional framed systems is presented in Table 1 . Experimental tests on a single-storey spatial frame with end-plate joints and a central unsupported column are presented in [8, 9] . Structure and connections have shown very good behavior and adequate resistance to transfer the catenary action. Experimental tests [21] of the 3D frame with welded main joints and bolted secondary joints subjected to the situation of losing the internal column were performed. Tests have shown that catenary action plays a key role in the load capacity of the system. During the test, in the beams in compliance with the main axis, horizontal forces equal to 78% of the load capacity of the beam were created, whereas in secondary beams equal to 12% of the load capacity. The reason for this difference was different joints stiffness. The experimental test on an existing building with a steel framed structure was presented in [25, 26] . During the test four parts of various columns were removed. The gradual cutting of columns caused an increase in deformations and deflections. The removal of four columns from the structure did not cause the building collapse. Static tests of two-dimensional two-span steel frames with four types of steel joints and unsupported central column are shown in [7] . The welded cover plate flange connections (CWP) proved to be the most resistant due to their high rotational capacity and thus the possible development of catenary action.
Two-dimensional steel frames with two spans with welded-bolted joints were tested in the experiment [22] . The influence of the ratio of the span's length on the behavior of the frame was tested. Test observations show that frames with smaller spans' length showed better load carrying capacity. In the studies three phases: elastic, elastic-catenary and catenary were observed. In the initial phase, compression in the beams was observed, then the tension occurred. In the paper [3] experimental tests of twelve steel two-dimensional double-span symmetrical frames with various beam-to-column connections were performed. Traditional connections were used and also improved connections were proposed. The double angle connection turned out to be the best of the traditional connections. Conventional connections were damaged by rupture of the bolts. Improved connections achieved higher load capacity for vertical load, greater rotation capacity and development of catenary action. Modification of these connections has also changed the model of connection destruction. The analysis of the behavior of two-dimensional frame systems with steel and composite steel and concrete structure in the situation of the middle column removal was presented in [15, 19, 24] . The tests have shown that the steel system with the extended end-plate connections exhibits greater resistance to the progressive collapse despite the lower ductility. These joints are characterized by a better balance between bearing capacity and the ability to rotate.
Experimental investigations of seven types of different connections in a two-span flat system were presented in paper [28] . Connections were divided into two groups: pinned and semi-rigid. Combination of top and seat with web angle (TSWA) with 12 mm angles turned out to be the best combination in terms of load capacity. Each of the connections showed the ability to develop the catenary action, thereby increasing the load capacity of the system. In order to ensure the proper resistance of the structure, it is necessary to design joints carrying significant tensile forces after reaching high rotations.
In the experimental studies presented in [23] one-sided end-plate joints with thick end plates (30 mm) and many bolts in the rows (2 or 4 bolts) were tested. Extended end-plate or flush end-plate joints were used. The test results showed that the highest load-bearing capacity is achieved by extended end-plate with four bolts in a row. The lowest load capacity has been obtained for a flush plate with 2 bolts in a row. The use of thick end plates and 4 bolts in a row significantly reduces the ability of the rotation of the connection. The comparison of the load capacity obtained in the test with the calculation of the moment resistance of the connection by the component method showed an underestimation of the load capacity of 27% to disadvantage of the component method.
The behavior of end-plate joints with thin plate applied in steel and composite steel and concrete structure was presented in [15] . Four specimens in a cross beam-column-beam system were tested. As part of the FREEDAM [4] project, experimental tests of a new type of end-plate joint were made. This connection was mainly characterized by the use of friction pads to increase the rotation of the joint after obtaining the appropriate load capacity. The behavior of this connection can be divided into three phases: elastic, slip and phase growing up to the moment of failure. This connection has obtained significant energy dissipation with high rotational capacity.
The quasi-static and impact tests of the flush end-plate joint have been presented in [1] . The impact load causes a slight increase in the moment resistance at a similar angle of rotation compared to static tests. In the initial phase of the test, the impact load increases the stiffness of the joint, which may be due to the redistribution of internal stresses in the joint.
Six joints with flush end plate were tested in the frame of project [20] . The tests on isolated parts of the structure in a cross beam-column-beam system were carried out. The research focused on the influence of the end plate thickness and bolt spacing on the behavior of joints. The first groups of tested joint was specimens with end plates thickness of 6, 9, 12 and 16 mm. In the second group, the bolt spacing was changed with the same thickness of the end plate (12 mm). Based on the experimental tests, it was found that the thicker end plate the bigger moment resistance of the connection. Increasing the thickness of the plate, however, causes a decrease in the rotation capacity of the joint. In the case of connections of the same thickness of end plates, changing the bolt spacing significantly influences the behavior of connections. Reducing the vertical spacing of the bolts decreases the load capacity of the joint, but increases the rotation. This is due to the greater possibility of deformation of the plate and the formation of a membrane effect.
As above presented experimental research has shown, the use of rigid connections is an inappropriate approach. Although these joints have a higher bending moment resistance, they have lower rotational capacity. A small rotation of the connection does not allow for the creation of a catenary action desired in the event of an accidental situation, such as a column loss. The catenary action plays a significant role in the final phase of the loading by increasing the resistance of the structure against collapse.
Building structure except for meeting the basic conditions ultimate limit state and serviceability limit state should also be characterized by adequate robustness. Robustness [27] determines the ability of the structure to create various possible scenarios that would cause the structure to survive without collapse. One of these scenarios is the alternative load path. This approach is characterized by the ability of the structure to transfer additional loads from damaged elements and redistribute them to undamaged elements. In this approach, the load is distributed mainly at the part of the direct column removal. In order to be able to run an alternative load path, the structure must have the appropriate, properly designed connection of structure members.
EXPERIMENTAL TESTS OF ISOLATED END PLATE CONNECTIONS

SPECIMENS
The tested specimen ( Fig. 4) is an isolated part of a frame structure in a cross beam-column-beam arrangement. The beams are designed of IPE 300 profile with a total length of 965 mm, a HEB 200 column with a total length of 870 mm. The beams elements were made using remaining parts of beams used in the tests [24] . The length of the beam corresponded to the place of zeroing of bending moments in a frame with a length of 6.0 m spans in a combination of gravitational loads. The total length in the support axes is 1890 mm. The connection were designed as end-plate joints with flush or extended end plate. The end plate was designed with three variants of thickness: 10, 15 and 20 mm for both types of plate. The connection was made by M20 bolts 10.9 HV with two bolts in a row.
Fig. 4. Specimen scheme and details of connections (dimensions are in mm)
A different number of bolt rows were also used ( Fig. 4 ): two rows of bolts for a flush end-plate, four rows of bolts for the extended end-plate joints. At the end of the beams there are additionally two-sided plates strengthening the beam web with dimensions 240x240 mm and a thickness of 20 mm. The purpose of these plate was to avoid deformation of the web under the influence of high vertical and horizontal forces, which could lead to the ovalization of the hole. In order to connect the specimen to the test stand, round holes 80 mm in diameter were designed at the ends of the beams. In the upper part of the column, a 200x200 mm rectangular plate 20 mm thick was designed to distribute the linear load from the oil jack to the entire cross-sectional area of the column. Under the plate in the axis of the column, 20 mm thick stiffener was designed to strengthen the web at the point of application of the load. Figure 5 shows the view of the test setup. The test stand consisted of two columns bolted to the laboratory floor with the additional use of diagonal braces on the outside. Connection of the stand column with a beam specimen was designed as pinned with 78 mm diameter of pin, with full rotation capability in the specimen plane. The lower part of the column specimen was supported laterally to protect the column of inclination from the plane of the specimen. The horizontal stiffness in the plain of tested specimen of the test stand shown in 
TEST SETUP
TEST INSTRUMENTATION
Load was applied to the upper surface of column by the INSTRON 630 kN hydraulic jack through a round roller in the column axis. A teflon foil spacer was additionally applied to the top surface of the end plate of the column. Two steps of each specimen loading were executed: the initial one consisting in a small load on the specimen in order to check the operation of the instrumentation and the proper fitting of the connection parts, the second step is the basic loading. The basic loading was divided into two stages: the first used a constant displacement increase of 0.5 mm per minute during 60 minutes, then a displacement of 2.0 mm per minute was established till the end of the test. Seventeen strain gauges with 120 Ω resistance with temperature compensation were instrumented in order to measure strains at selected locations on the surface of the specimen. Seven strain gauges were fixed on each side of the beams, three of them are located in the main axis of the beam, the other four in the vicinity of the joint at the height of the flange. Three strain gauges were fixed to the column web in the main axis of the column at the height of the flange and beam axes. The test also involved six displacement transducers LVDT in two arrangement. Four transducers were used to measure deflection at selected places in the specimen in the vertical direction. Two transducers were used to measure horizontal displacements of supports during the test. Moreover, two inclinometers to measure directly the rotation angle of beams and one to the column were applied. The layout of arrangement of stain gauges, displacement transducers and inclinometers is presented in Fig. 6 . a ) b ) 
MECHANICAL CHARACTERISTICS OF THE MATERIALS
In order to evaluate the material parameters of each of the steel used to make the specimens, three material coupon were cut out ( Fig. 7) . 
EXPERIMENTAL RESULTS
FLUSH END-PLATE CONNECTION
P-1 SPECIMEN -10 MM THICK END PLATE
The force-deflection relationship of the specimen P-1 is shown in Figure 8a . The vertical F load (Fig. 4) is the loading applied to the top surface of the column by a hydraulic jack and measured during tests in the form of a digital reading. In the initial phase of the study, a linear increase of vertical F load to a value of approximately 150 kN was observed. After exceeding this value, the load increment began to decrease, where in the final phase the vertical displacements increased significantly without any visible change in loading. The graph (Fig.8a ) also shows the development of horizontal axial H force in beams which have been obtained on the basis of measurements of the strain gauges. For the left beam, the value of H force has been determined from the strain reading of the T5 strain gauge, for the right beam with the T13 strain gauge. From the beginning of the loading, significant increases in the horizontal H force were observed. Up to value of vertical displacement of 10 mm, the increase in H force for left and right beam was almost the same. After exceeding 10 mm of deflection in the beams a difference in the value of H force started to arise, nevertheless the axial force in both beams shows a continuous increase from the beginning to the end of the test. Catenary action in the beams was developed. The basic characteristic of connection behavior, namely the M bending moment -φ rotation diagram was shown Fig. 8b . In the initial phase of the loading, a constant linear increase in the bending capacity of the joint was observed, which is identical with the constant initial stiffness of the joint. After obtaining the bending moment of 67 kNm by the right connection and bending moment of 85 kNm by the left connection the bending moment in the connections began to decrease. In the final phase of the test, there was a significant increase in the rotation of the joint with a decrease in the bending moment of the joints. During the test, noticeable deformations of part of the joint were observed. The end plates near the bottom row of bolts, i.e. in the tensile zone have been the first elements that were deformed. With the increase of the loading, the deformation of the end plate increased. There were also deformations of the flanges and column web at the height of the beam flange (Fig.9a ). Further increase in loading caused the development of further deformations. The specimen was failed by violent bolts' fracture in the bottom row ( Fig. 9b ). After the test, one could notice a clear buckling of the column's web from its surface. This phenomenon is caused by the action of compressive forces in connection at the height of the upper beam flange (Fig.9c ). In the tensile zone, bends of the column flange was visible due to the tensile forces transmitted by the bolts of the lower row of the connection. During the test, it was possible to notice the opening of the contact at the height of the beam's axis. The distribution of strains in the P-1 specimen were shown in Fig. 10a -c. The strain gauges located on the beam flanges (T3, T7 and T11, T15) showed a linear increase in strain during the whole test. Strain gauges set in the horizontal axis of the beam (T1, T2 and T5 as well as T13, T16 and T17) showed different values. The T1, T2 and T16 and T17 strain gauges have been compressed, while the T5 and T13 strain gauges near the joint were tensioned. The column strain (Fig. 10c) show different values. The strain gauge set at the height of the upper beam flange T8 to the value of 220 kN showed a linear increase. After exceeding this value, there was a significant increase until it was broken. The middle of the T9 column strain gauges had a negligible deformation value up to the force of 230 kN. Then it was compressed, while in the final phase the mark changed to tension. The T10 strain gauge till a force of 250 kN showed a constant increase in strain, where in the final phase there was a significant increase in value. All three strain gauges represent the respective web zones in the connection: T8 is the compression zone, T9 is the neutral zone and T10 is the tensile zone.
3.2P-2 SPECIMEN -15 MM THICK END PLATE
From the beginning of the P-2 specimen test, there was a constant vertical load increase to the value of about 200 kN (Fig.11a) . A further increase in vertical displacement followed a decrease in the increment of vertical force. At a deflection of 40 mm, a further increase of F force was lost until the moment of destruction. The development of the horizontal axial force in the beams was almost constant during the study. The axial H force was the same in both beams. Connection behavior is shown in Fig. 11b . In the initial phase, the increase in the load capacity of the joint was linear. After exceeding 60 kNm, the rotation of the connection started to increase. After exceeding the rotation of connections 0,04 radian, the moment in the connections started to drop until the end of the test. (Fig. 12a ). The end plate (Fig. 12b ), despite the same thickness as the column flanges, has been not deformed. After the test ( fig. 12c ), buckling of the column web at the level of the upper row of the bolts was also noticed. Strains of the P-2 specimen are shown in Fig. 13 . As in the P-1 specimen, the largest strains occurred in the beam flanges (T3, T7 and T11 and T15) ( Fig. 13a and b) . The web column behavior during the test can be divided into several phases. In the initial phase of the test, three zones can be clearly seen: the compression zone represented by the T8 strain gauge, the neutral zone represented by T9 and the tensile zone by T10. After exceeding the force of 250 kN, there was a change from three to two zones: compression represented by T8 strain gauges and tensioned by T9 and T10.
P-3 SPECIMEN -20 MM THICK END PLATE
From the beginning of the test (Fig. 14a ) to about 200 kN F vertical loading, the specimen showed a linear loading increase. After exceeding 200 kN there was a decrease in the growth of the vertical F load, where it was almost invisible after reaching the F value of 300 kN. In the final phase of the test, only a large increase in displacements was observed. The jump at the curve of vertical load at the value of 300 kN was caused by operator error. The development of horizontal H axial force in beams is shown in Figure 14a . From the beginning of the study, the tensile H force in both beams was developed. During the study connection behavior (Figure 14b ) was variable. In the initial phase of the loading a linear increase of bending moment was observed. Then, after exceeding 60 kNm, there was a decrease in stiffness caused by the plasticization of the connection elements. After exceeding the rotation of connections equal to 0.05 radians there was a significant linear decrease in of the moment in the connections. a) b) The strains distribution of the P-3 specimen beams are shown in Fig. 16a and b . Practically all of the measurement points showed a linear increase in strain up to 310 kN loading. After exceeding the loading of 310 kN, the tension strain increased and the strains in compression zones decreased. Interestingly, each of the strain gauges set in the main axis of the beam (T1, T2 and T5 as well as T13, T16 and T17) showed different values. In the initial phase of the loading the strain distribution in the column web ( Fig.16c ) can be divided into three zones. The compression zone is represented by aT8 strain gauge, tensioned over T10 and neutral by T9. However, after exceeding the 310 kN loading, there was a reduction from three to two zones as it was in the P-2 specimen.
EXTENDED END-PLATE CONNECTION
P-4 SPECIMEN -10 MM THICK END PLATE
From the beginning of the test (Fig. 17a) to F load of about 200 kNa constant linear increase of loading was observed. After exceeding 200 kN, non-linearity begun and specimen deformations started to be visible. After reaching approximately 30 mm of specimen deflection, the load F increase was small. The horizontal axial force H in the beams showed different values during the test. Up to 20 mm vertical displacement of the specimen, the forces were compression. Then, the tensile force developed with a linear increase until the end of the test. The behavior of connections were shown at the M-Φ curve (Fig. 17b ). The initial phase shows a linear increase of bending moment in the joint. After reaching 120 kNm, there was an increase in rotation with a smaller increase in bending moment. After obtaining the rotation of connections, 0.03 radians in joints there was a linear decrease of the bending moment until the end of the test. (Figure 18a ). After exceeding 350 kN, fracture of the weld (Fig.18b) The strains of the P-4 specimen in selected locations were shown in Fig. 19 . In the beams (Fig.18a,  19b ), a linear increase in strain occurred till a load of 350 kN. Only differences can be seen in the T4 strain gauge. Then, the further increase in the loading caused a decrease in deformation in the compression zone and its increase in the tensile zone. The strain values in the strain gauges set in the beam axis were similar. a ) b ) c) The strains distribution in the column is shown in Fig. 19c . Up to 200 kN, one can notice a linear increase in the strains T8 and T10 followed by non-linear increase. The T9 strain gauge remained without deformation up to the loading of 300 kN, afterthat there was an increase in compression strains observed.
P-5 SPECIMEN -15 MM THICK END PLATE
From the beginning of the test there was a constant increase in the F loading of the specimen up to about 250 kN (Fig. 20a) . After exceeding the value of 250 kN, the specimen deflection increased. The specimen showed slowly increase in load-bearing capacity until the end of the test. The development of the horizontal axial H force in the beams varied during the test. From the beginning to 30 mm of deflection, horizontal H force caused compression. After exceeding 30 mm of deflection, the catenary action developed until the specimen was destroyed. The connection behavior (Fig. 20b ) can be divided into two phases: elastic and plastic. In the elastic phase, there was a constant increase of moment from the beginning of the test to a bending moment equal to 130 kNm. Then further increase of the load caused an increase in the rotation of the connection. After obtaining a rotation of 0.03 radians, the bending moment in connections started to decrease linearly. Then, at 420 kN, there was a gap between the surface plate and the column flanges at the height of the lower beam (Fig. 21a) . Then there was a fracture in the weld (Fig. 21b ) connecting the bottom flange of the beam with the end plate. Because of the fracture of the two bolts in low row the P-5 specimen was damaged. After the test, significant deformation of the column web (Fig. 21c) The development of the column strains in the joint zone is presented in Figure 23c . Strain gauges T8 and T10 show the linear increment of deformations up to 150 kN of the load and then the strain values increased rapidly. Furthermore, the test range in stain gauge was exceeded and they were damaged with a load of 325 kN for T8 and 400 kN for T10. Up to the force of 350 kN, the T9 strain gauge remained in the range of very small strains, where after reaching 350 kN there was an increase in compressive strain.
P-6 SPECIMEN -20 MM THICK END PLATE
The constant increase of load F from the beginning of the test to about 250 kN can be observed in Fig. 23a . Then there was an increase in the vertical displacement with a smaller increase of loading.
The horizontal axial H force in the beams from the beginning of the test up to 13 mm of deflection was approximately zero. After reaching a deflection of 13 mm, the compressive H force in the right beam was developed until the 53 mm deflection. After that a linear development of the tensile action took place in the right beam. On the other hand, the left beam has shown the development of a tensile action. The behavior of the P-6 specimen connections is shown at the Fig. 23b . It can be noticed that the connection exhibited linear behavior up to approximately 100 kNm. After exceeding this value, the rotation increase non-linearly. After exceeding the rotation of connections equal to 0.05 radians there was a continuous decrease of the bending moment in the joints. a ) b ) Fig.23 . P-6 specimen: a) vertical load and horizontal force vs. vertical displacement, b) bending moment vs. joint rotation
In the initial phase of loading up to 220 kN no changes were observed in the specimen. Then, small deformation of the column flanges in the connection zone began to appear at the height of the lower beam flange. At the force of 425 kN, deformations of the web and the column flanges in the level of the upper rows of bolts began to emerge. Before the end of the test (Fig. 24a) , it was possible to notice the torsion of a part of the column above the level of the upper beam flange. This was caused by large deformations of the column's web. Interestingly, the specimen was not damaged because the maximum load generated by the actuator of 550 kN was reached and the actuator started to fall into dynamic resonance. The buckling of the column's web from the main plane of the specimen can be observed in Fig. 24b . a ) b ) Fig.24 . P-5 specimen: a) view before ending test, b) column view after test
The strains pattern of the P-6 specimen (Fig. 25a, b) can be divided into two zones. The first zone is the linear increment of deformations from the beginning of the tests to the value of 440 kN. The second zone is characterized by a distinct increase in strains in the lower flange beam for T6, T7 and T14 and T15 strain gauges. Interesting behavior can be noticed by observing column strains (Fig. 25c ). The T8 strain gauge located at the height of the upper beam flange changed the deformation values significantly. To achieve a load of 400 kN there were compression strains in it. After exceeding 400 kN, there was a significant decrease in compression strains and a change in the mark to tensile strain. The deformations in the T9 and T10 strain gauges also showed positive values in the final phase of the test. Thus, during the final test period, only tensile strains occurred in the joint zone.
COMPARISON OF TEST RESULTS
A summary of the test results of isolated joints is presented in The connection tested as P-5 specimen has the highest bending capacity as shown in Fig. 26a . A clear division into two groups can be noticed: joints with flush and extended end-plate. Specimens with four rows of bolts gained greater load capacity than with two rows. Comparing the specimen P-1 and P-4, the bending capacity of the P-4 specimen is almost twice as high. The larger number of bolts and the thicker the plate, the higher the bending moment resistance was reached. 
TEST OF END PLATE CONNECTION IN THE FRAME SUB-SYSTEM
The tests of the steel frame subsystem [15, 19, 24] were made on the specimen shown in Figure 27 . The results of testing the specimen with flush end-plates were shown in Fig. 29 .The bending moment growth was constant to the loading creating a bending moment in the joint equal to 70 kNm. After exceeding 70 kNm, there was a non-linear increase, while after 0,050 rad of rotation there was a decrease in bending moment until destruction. The development of axial force in beams was shown in Figure 29b . Along with the increase of the bending moment in the joint, the axial force growth was almost linear. The results of the test of the sub-system with extended end-plate joints are shown in Fig. 30 .The increase in the bending moment was constant till the value of the moment of 120 kNm in the joint (Fig. 30a ). After exceeding 120 kNm, the connection behavior was non-linear. From the beginning of the test (Fig. 25b) The comparison of the own test results of isolated joints with results of tests conducted on the subframe [24] was presented in Fig. 31 and 32 . The results of the P-1 specimen (flush plate 10 mm thick) were compared with the results of the subsystem with flush end-plate joints (end plate thickness 10 mm). The first graph (Fig. 31a) shows the moment-rotation characteristics of the inner connection. As can be seen, the behavior of both connections was the same at the initial stage. After exceeding the bending moment of 60 kNm there were slight changes in the behavior of the connections. Both joints obtained a similar angle of rotation of the joint in case of failure. The development of axial force in both tests is shown in Fig. 31b . From the beginning of own experiment of the P-1 specimen, there was a tensile axial force with non-linear behavior. During the whole range of loading in tests presented in studies [24] , there was a linear increase of tension force in the joints. The second comparison, of the P-4 specimen (extended plate 10 mm thick) with a sub-system with extended end-plate joints with a plate of a thickness of 10 mm [24] was presented in Fig. 32 . In the range from 0 to 140 kNm of bending moment in the joint, the behavior of both connections was the same. From 150 kNm, the difference in the behavior of connections began to clearly differ. The P-4 specimen (own research) shows further development of the joint rotation with a decrease of the moment in the joint. The connection tested in [24] reached the peak of load capacity at the rotation of 0.03 rad, and then showed a significant decrease of bending moment. The connection of the P-4 specimen was subjected to sudden failure (fracture of bolts) while the connection from the tests [24] of gradual degradation by end-plate tearing. At the initial stage of the test of the P-4 specimen, there was a compressive axial H force up to a value of 140 kNm, followed by an intensive development of the catenary action (Fig. 32b ). In test [24] the development of the tensile force took place throughout the loading. Differences in the behavior of joints in own test and test [24] may resulted from the different stiffness of the horizontal test setup. In own test ( Figure 5 ), horizontal stiffness, in the specimen plane, for a column with one brace was 225 kN/mm. In test [24] , however, in the external support of the end columns ( Fig. 27 ), two braces were applied per side, which significantly increased the stiffness of the supports. a ) b ) Fig. 32 . Comparison results of extended end plate connection: a) moment -rotation, b) moment-axial force
DISCUSSION AND CONCLUSION
Based on the conducted tests, it can be concluded that: -the working phase of end plate joints can be divided into three stages: elastic, plastic and plastic with the development of horizontal forces in beams, -in the initial phase of the loading, the small horizontal compression force is generated due to the arc action in the beams with extended plate (Fig. 33a ). From the beginning of the loading, the connections with flush plate show the ability to create a catenary action ( fig. 33b ). -amongst the end-plate bolted connections with flush end-plate and extended end-plate, the highest bending resistance was obtained in connections with plate 15 mm (specimen P-5), -end-plate joints with extended plate (EP) show a greater capacity to develop catenary action than connections with flush plate -stronger tensile zone (4 tension bolts) was the main reason, -the use of thicker end plates increases the bending capacity and the development of catenary action for unstiffened columns, -connections with a strong tensile zone allow the creation of large forces in the compression zone of the joint (column web), which leads to a significant buckling of the unstiffened column web, -the lack of stiffeners of the column web allows large deformations of the flanges and the web of the column, contributing to the increase in the rotation of connections significantly, -in initial stage of loading, vertical F load of column is transferred to the beam by bending joints, -in the further phase of the loading, the vertical F force in the column is transferred mainly through the horizontal axial H forces in the beams, -good convergence of results of own test with test at work [24] was observed. The obtained results of connection tests will be also used to validate numerical models of connections. In future studies, numerical analyzes as well as further experimental tests of the influence of horizontal stiffness of supports on available bending resistance, rotation capacity and the possibility of developing a catenary action will be made.
